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(57) Abstract 

[Purpose] To prevent the coloration of a display screen while 
making effective use of the advantages of a reflection liquid 
crystal display device having an electrode in which a metallic 
reflective film and a transparent conductive film are stacked 
on a back side substrate. 

[Constitution] The product nd of the refractive index n and 
the film thickness d of the transparent conductive film is 
specified to 300 nm or less. Since the wavelength to be 
annihilated or attenuated by the interference of light rays 
reflected from the surface and back sides of the transparent 
conductive film does not exist in a visible region, the 
coloration of the display screen can be prevented. 

Claims : 

1. A reflection liquid crystal display device, 
including: a back side substrate having a metallic reflective 
film and a transparent conductive film stacked on the metallic 
reflective film; an observer's side substrate having a 
transparent electrode; and liquid crystal material held 
between both substrates, in which voltage is applied between 
the transparent conductive film and the transparent electrode 
to drive the liquid crystal, thereby making screen display, 
wherein the product nd of the refractive index n and the film 
thickness d of the transparent conductive film is 300 nm or 
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less . 

2. A reflection liquid crystal display device, 
including: a back side substrate having a metallic reflective 
film, a transparent conductive film stacked on the metallic 
reflective film and a transparent insulating film stacked on 
the transparent conductive film; an observer's side substrate 
having a transparent electrode; and liquid crystal material 
held between both substrates, in which voltage is applied 
between the transparent conductive film and the transparent 
electrode to drive the liquid crystal, thereby making a screen 
display, wherein the sum of the product nd of the refractive 
index n and the film thickness d of the transparent conductive 
film and the product n'd' of the refractive index n' and the 
film thickness d' of the transparent insulating film is 300 
nm or less. 

Detailed Description of the Invention : 
[0001] 

[Industrial Field of Application] 

This invention relates to a reflection liquid crystal 
display device having a metallic reflective film and a 
transparent electrode on a back side substrate on the opposite 
side to the position of a screen observer and particularly to 
the reflection liquid crystal display device which may prevent 
the coloration caused by reflection of white light. 
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[0002] 

[Prior Art] 

Generally the liquid crystal display device is formed 
by holding the liquid crystal between two substrates 
respectively having a transparent electrode, and in the device, 
voltage is applied between the transparent electrodes to drive 
the liquid crystal to control the plane of polarization of light 
transmitted through the liquid crystal, and the transmission/ 
non-transmission is controlled by a polarization film to make 
a screen display. 
[0003] 

Aback light type or light guide type transmission liquid 
crystal display device having a built-in lamp has been widely 
used, in which a light source (a lamp) is disposed on the surface 
or side of the liquid crystal display device in order to obtain 
enough brightness in the display of this type of liquid crystal 
display device . 
[0004] 

In this type of transmission liquid crystal display 
device, the power consumption of the lamp is large, and there 
is not much difference between this power consumption and the 
power consumption of the display devices (CRT, PDP and the like) 
other than the liquid crystal display device, which will impair 
the characteristics of the liquid crystal display device itself 
that it is low power consumption and portable. 
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[0005] 

On the other hand, the reflection liquid crystal display 
device uses room light and external light as transmitted light 
of the liquid crystal display device, so a lamp is not 
incorporated so that the display device is the ideal low-power 
consumption type which is light-weighted and convenient for 
carrying . 
[0006] 

As this type of reflection liquid crystal display device, 
it is known that a reflector separately formed is disposed on 
the back of a substrate (back side substrate) on the opposite 
side to the position of an observer observing the display device 
("external fitting method") , or a metallic reflective film made 
of inexpensive material such as aluminum and having a high light 
reflectance is formed to have the same pattern as the above 
electrode for driving the liquid crystal, so that the metallic 
reflective film is used as a liquid crystal driving electrode. 
[0007] 

In the above external fitting, however, owing to the 
thickness of the glass plate constituting the back side 
substrate, sometimes a screen formed by liquid crystal is 
reflected in the reflection film so that it has double vision. 
[0008] 

On the other hand, in the case of forming the aluminum 
reflection film to have the same pattern as the electrode for 
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driving the liquid crystal, and using the aluminum reflection 
film as an electrode for driving the liquid crystal, since this 
aluminum produces hydrate or oxide to easily cause a surface 
defect, the device is lacking in reliability in respect of 
moisture resistance or the like. Further it has the problem 
that since aluminum is soft metal, the film is damaged in the 
TAB packaging process for performing electric connection to 
cause disconnection . 
[0009] 

On the contrary, in the case of forming the aluminum 
reflection film to have the same pattern as the above electrode 
for driving the liquid crystal, and stacking a transparent 
conductive film of the same pattern on the aluminum reflection 
film to constitute a liquid crystal driving electrode by both 
of the aluminum reflection film and the transparent conductive 
film, the aluminum reflection film is protected by the 
transparent conductive film so that the moisture resistance 
can be enhanced and damage in the TAB packaging process or the 
like can be prevented so as to improve the reliability. 
[0010] 

[Problems that the Invention is to Solve] 
In this case, however, external light entering the liquid 
crystal display device is reflected on the surface of the 
transparent conductive film, and light refracted to enter the 
inside of the transparent conductive film is reflected on the 
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back of the transparent conductive film (aluminum reflection 
film surface) . Both reflected light rays interfere with each 
other so that light rays with a specified wavelength annihilate 
and attenuate, resulting in the problem that the display screen 
is colored. 
[0011] 

The invention has been made in the light of the problem 
and it is an object of the invention to provide a liquid crystal 
display device which may prevent the coloration of a display 
screen while making effective use of the advantages of a liquid 
crystal display device having a liquid crystal driving 
electrode formed by a metallic reflective film and a 
transparent conductive film stacked on the metallic reflective 
film. 
[0012] 

[Means for Solving the Problems] 

The annihilation or attenuation of rays with a specified 
wavelength caused by interference of reflected light rays 
reflected on the surface and back sides of the transparent 
conductive film depends on its optical film thickness (the 
product nd of the refractive index n and the film thickness 
d of the transparent conductive film) . That is, when the 0 or 
an arbitrary integer is taken as m, and the wavelength is taken 
as \, in the case where 2 nd = m X + 1/2 A, is established, the 
light with the wavelength X is caused to annihilate or attenuate 
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by interference. Since the wavelength of the visible region 
is about 360 to 720 nm, if no annihilated or attenuated 
wavelength exists in the visible region, the coloration of the 
display screen is not caused. Since color stimulus of light 
in the short wavelength region as much as 400nm or less and 
in the long wavelength region as much as 700 nm or more is small, 
substantially the coloration of the display screen is not 
caused even when the light in the short wavelength region or 
in the long wavelength region is attenuated. 
[0013] 

The invention has been made for the above technical 
reasons. That is, according to the invention as claimed in 
claim 1, a reflection liquid crystal display device includes 
a back side substrate having a metallic reflective film and 
a transparent conductive film stacked on the metallic 
reflective film, an observer's side substrate having a 
transparent electrode, and liquid crystal material held 
between both substrates, in which voltage is applied between 
the transparent conductive film and the transparent electrode 
to drive the liquid crystal, thereby making screen display, 
and it is characterized in that the product nd of the refractive 
index n and the film thickness d of the transparent conductive 
film is 30 0 nm or less. 
[0014] 

According to this type of technical means, in the case 
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of the optical film thickness nd = 300 nm, when m =0 in the 
above formula 2 nd = mX + 1/2X, the annihilated or attenuated 
wavelength X = 1200 nm, which is outside the visible region. 
In the case of m = 1, 400 nm and also in this case, annihilation 
or attenuation is caused only in the visible region having small 
color stimulus. In the case of m = 2 or more, the annihilated 
or attenuated light is the light having much shorter wavelength 
than that of the visible region. Therefore, the coloration 
of the display screen is not caused because substantially no 
absorbed or attenuated wavelength exists in the visible region. 
[ 0015] 

When ITO films (a conductive transparent thin film formed 
by adding tin oxide to indium oxide) with various film thickness 
d and refractive index n = about 2.1 are formed on the aluminum 
thin film to measure the spectral reflectance, as shown in Fig. 
2, it can be confirmed that in the case of d = 310 nm (nd = 
2604 nm) , attenuation is caused in a position of the wavelength 
about 470 nm, and in the case of d = 145 nm (nd = 304.5 nm) , 
attenuation is caused in a position of the wavelength about 
450 nm. On the other hand, in the case of d = 125 nm (nd = 
242. 5 nm) , and in the case of d = 100 nm (nd=210 nm) , no 
attenuation is caused in the range of 400 to 700 nm. 
[0016] 

As the transparent conductive film, in addition to the 
above ITO, arbitrary transparent conductive films such as a 
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NESA film can be applied. 
[0017] 

Further, it is possible to form a transparent insulating 
film such as Si0 2 , MgO, MgF : , Zr0 2/ and Ce0 2 to be taken as a 
protective film. In this case, however, when the sum nd + 
n'd'of the optical film thickness nd of the transparent 
conductive film and the optical film thickness of the 
transparent insulating film satisfies the following formula, 
the light with the wavelength X is annihilated or attenuated 
by interference, so the film thickness should be specified so 
that no annihilated or attenuated wavelength X exists in the 
visible region. 
[0018] 

2 (nd + n' d' ) = mA, + 1/2X 

[0019] 

The invention as claimed in claim 2 has been made for 
the above reasons. That is, the reflection liquid crystal 
display device includes a back side substrate having a metallic 
reflective film, a transparent conductive film stacked on the 
metallic reflective film and a transparent insulating film 
stacked on the transparent conductive film, an observer's side 
substrate having a transparent electrode, and liquid crystal 
material held between both substrates, in which voltage is 
applied between the transparent conductive film and the 
transparent electrode to drive the liquid crystal, thereby 
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making a screen display, and it is characterized in that the 
sum of the product nd of the refractive index n and the film 
thickness d of the transparent conductive film and the product 
n'd' of the refractive index n' and the film thickness d' of 
the transparent insulating film is 300 nm or less. 
[0020] 

As the metallic reflective film related to claims 1 to 
2 , aluminum can be preferably used, so that the f i lm is 
inexpensive and has a high reflectance. Further, it is 
possible to apply a film improved in adhesion to a substrate 
by adding a very small quantity of titanium, zirconium or 
magnesium to the aluminum as well . The adhesion may be improved 
by interposing an adhesive metal thin film made of chrome or 
the like between the metal thin film and the substrate. 
Preferably the metallic reflective film and the transparent 
conductive film are continuously inline deposited in the same 
sputtering system. Further, it is possible that photo resist 
is applied on the thus continuously deposited metallic 
reflective film and transparent conductive film, and exposure 
and development are performed to pattern the metallic 
reflective film and the transparent conductive film by one time 
photolithography process. In the case where the metallic 
reflective film is formed of aluminum, an oxide coating can 
be formed on an exposed end part of the metallic reflective 
film patterned in the same pattern as the transparent 
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conductive film so as to improve the durability. 
[0021] 

As the back side substrate related to the invention, a 
glass plate, a ceramic plate, a plastic film, a plastic board 
or the like can be applied. The substrate is not limited to 
a transparent type, but it may be colored black or white or 
colored in the other colors. When the black one is used as 
a substrate, reflection of an incident light ray in the region 
having no metallic reflective film can be prevented without 
forming a black stripe so as to improve the contrast of a display 
screen. Especially, in the case where the metal thin film is 
formed in the same rectangular pattern as the display pixel, 
it is possible to completely prevent reflected light from the 
region outside of the pixel . In the case of a semi-transmission 
type liquid crystal display device containing a lamp in the 
inside of the liquid crystal display device to prepare for the 
use in a dark room with little room light, it is desirable to 
use a transparent substrate. 
[0022] 

Prior to stacking of a metallic reflective film on the 
substrate, the surface is treated with ultraviolet rays or 
plasma so that the adhesion of the metallic reflective film 
and the substrate can be improved. 

[0023] 

As the observer's side substrate related to claims 1 to 
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2, a transparent substrate such as a glass plate, a plastic 
board or a plastic film can be applied, and as a transparent 
electrode, an ITO or NESA film can be applied. It is also 
possible that a light scattering layer is provided on the 
observer's side substrate to scatter display light, thereby 
enlarging the visual angle of the display screen or a color 
filter layer is provided to color the display light, thereby 
making a color display. The applicable light scattering layer 
is formed by dispersing fine particles with a larger refractive 
index than a transparent resin binder in the binder. As the 
fine particles, inorganic materials such as SiO, or Ti0 2 and 
organic materials such as polytetraf luoroethylene or 
polydivinylbenzene can be used. As the color filter layer, 
it is possible to use a well-known color filter layer of a 
printing process, a dyeing process, a pigment dispersing 
process or the like. 
[0024] 

[Operation] 

In the invention related to claims 1 to 2, since the 
electrode of the back side substrate is formed by two layers 
of the metallic reflective film and the transparent conductive 
film, and its electric resistance is low, in the case where 
the liquid crystal display device is a simple matrix drive type 
(mainly applied to the case where the liquid crystal material 
or its orientation state is STN, ECB, homeotropic or 
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anti ferroelectric liquid crystal, it is desirable to use the 
electrode of the back side substrate as a scanning electrode, 
and the electrode of the observer's side substrate as a signal 
electrode. In the case of the active matrix drive system type 
including a driving element (TFT or the like) for driving each 
pixel, the back side substrate may be provided with the driving 
element or the observer's side substrate may be provided with 
the driving element. 
[0025] 

[Operation] 

According to the invention related to claim 1, the 
product nd of the refractive index n and the film thickness 
d of the transparent conductive film on the metallic reflective 
film is 300 nm or less, and on the other hand, according to 
the invention related to claim 2, the sum of the product nd 
of the refractive index n and the film thickness d of the 
transparent conductive film and the product n' d' of the 
refractive index n' and the film thickness d' of the transparent 
insulating film is 300 nm or less, whereby absorption or 
attenuation of reflected light in the visible region is not 
substantially caused . 
[0026] 

[Embodiment ] 

(Embodiment 1) The liquid crystal display device 
according to the embodiment is, as shown in Fig. 1, so 
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constructed that a back side substrate 1 is formed by a glass 
substrate 11 with a thickness of 0.7 mm, an aluminum thin film 
12 with a thickness of 0.15 |am provided in a stripe pattern 
having a pitch of 330 (j.m on the glass substrate 11, and a 
transparent conductive film 13 with a thickness of 0.11 \im 
stacked in the same pattern as the aluminum thin film 12 in 
alignment with the aluminum thin film 12, and on the other hand, 
an observer's side electrode plate 2 is formed by a glass 
substrate 21 with a thickness of 0.7 mm, and a transparent 
electrode 22 with a thickness of 0.24 yim provided in stripes 
having a width of 95 |uim and a pitch of 110 \xm (in the direction 
intersecting perpendicularly to the pattern of the aluminum 
thin film 12 of the back side electrode plate 1) on the glass 
substrate 21, and the back side substrate 1 and the observer's 
side substrate 2 are integrated with each other with liquid 
crystal 3 interposed between them by sealing in the peripheral 
part thereof. 
[0027] 

In the embodiment, an ITO is adopted as the transparent 
conductive film 13. The sheet resistivity of an electrode 
formed by the transparent conductive film 13 and the aluminum 
thin film 12 is about 0.8 Q/CL In the embodiment, the aluminum 
thin film 12 and the transparent conductive film 13 are 
continuously inline deposited in a sputtering system, and then 
patterned by etching in one time photolithography process. 
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After that, the films are heat treated at 250 °C for one hour 
to generate an aluminum oxide in an exposed end part of the 
aluminum thin film 12 and protect the same. 
[0028] 

[Advantage of the Invention] 

According to the invention related to claims 1 to 2, 
absorption or attenuation of reflected light in the visible 
region is not substantially caused, it is possible to produce 
the effect of preventing the coloration of a display screen 
while keeping the advantages of enhancing moisture resistance 
and preventing damage in the TAB packaging process. 

Brief Descript ion of the Drawings: 

Fig. 1 is a diagram for explaining a liquid crystal 
display device according to an embodiment of the invention; 
and 

Fig. 2 is a graph showing the spectral reflectance of 
a back side substrate according to the invention. 
[Description of the Reference Numerals and Signs] 
1: back side electrode plate 
11: glass substrate 
12: aluminum thin film 
13: transparent conductive film 
2: observer's side electrode plate 
21: glass substrate 
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22: transparent electrode 
3: liquid crystal 

[FIG. 2] 

REFLECTANCE (%) 
WAVELENGTH (nm) 



